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Introduction 

In the panel discussion tha t  followed t h e  symposium on "Tars, Pitches and 
Asphalts" a t  the 1959 spring meeting of the American Chemical Society i n  Boston, 
niembers of the panel emphasized that more at tent ion should be given t o  the measurement 
and study of the rheological properties of green electrode mixes. 

Because of widespread i n t e r e s t  i n  this subject, a preliminary research 
program was i n i t i a t e d  a t  the Applied Research Laboratory of the United States S t e e l  
Corporation to  invest igate  the relationship between the consistency of the green mix 
azd the crushing strength and volume e l e c t r i c a l  r e s i s t i v i t y  of specimen electrodes. 
Consis ency has been defined as that property of a body that tends t o  r e s i s t  deforma- 
tion.'!* In this paper, consistency is defined more specif ical ly  as  the torque 
required t o  shear the green mix a t  a constant r a t e  and temperature. 

A careful  search of the Chemical Abstract indexes covering:'a 53-year period 
fron 1907 to 1960 revealed that no information has been published onLthe relationship 
between the co istency of the green m i x  and the properties of t e s t  electrodes. Only 
one reference2ywas found that described an instrument for  quant i ta t ively measuring 
the consistency of green electrode mixes. 
a cone penetrometer that has been modified t o  measure the pressure ( l imit ing shear 
s t r e s s )  required to drive a standard cone, under constant force, in to  the t e s t  
mixture t o  a f u l l  stop. Although this instrument has many desirable features, such 
a s  simplicity of design and operation, it was not precise or  sens i t ive  enough f o r  
use i n  the present investigation. Subsequently, a technical brochure3) indicated 
t h a t  another instrument, the Brabender Plastograph, had the desirable character is t ics ,  
and w a s  used i n  the ensuing investigation. 

This instrument, Russian-built, is simply 

This paper describes the evaluation of rheological propert ies  of green mixes 

It i s  hoped that this informt ion  w i l l  provide a be t te r  understanding 
prepared from two coal- tar  p i tch  binders and the properties of the  test electrodes 
made f r o m  them. 
of the relationship between the  rheology of the green mix and electrode performance. 

.Experimental 

For t h i s  preliminary study two electrode binders and a calcined petroleum 
coke were used. 
binders were produced i n  U - s c a l e  equipment from the same feed stock. Binder A ,  a 
pi tch of demonstrated u t i l i t y ,  was produced by continuous vacuum-flash d i s t i l l a t i o n .  
Binder B was specially processed t o  have essent ia l ly  the same softening point as 
Binder A, but a Viscosity and a -resin content s ignif icant ly  higher. 

The more common properties of the  binders a re  shown i n  Table I. Both 

P 
With the exception of the Viscosity, standard t e s t  methods cornon t o  the 

aluminum and carbon industr ies  were used t o  measure the properties of the binders. .  
The absolute viscosi ty  of the binders was  determined by a Brookfield Synchro-Lectric 
Viscometer equipped with a =-inch spindle extension. A special  device for  heating 

* See References. 



- 106 - 
the  air i n  contact vith the  p i tch  and the spindle was used with this instrument. 
schematic drawing of the assembled apparatus i s  shown i n  Figure  1. 
was used t o  reduce the unwanted drag or torque exerted on the rotat ing spindle by 
the  "skinrr  of p i tch  t h a t  has a tendency t o  form on the surface of the test sample 
when it is exposed t o  air at room temperature. 

A 
The air heater 

Selected properties of t h e  petroleum coke, used by the Laboratory as a 
standard, are shown i n  Table II. The coke was calcined a t  1300 C by the  supplier and 
then graded a t  the Laboratory i n t o  the six fractions shown i n  the table. Because the 
fract ions w e r e  sized relative t o  the  dimensions of our laboratory-scale electrode- 
baking apparatus, they are smaller than t h e  fract ions used commercially. 

Since the experimental procedures are somewhat involved, the major steps 
are b r i e f l y  outlined below. A more detai led idiscussion of the various procedures 
w i l l  follow. i 

1. A series o f  green mixes containing from 31 per  cent t o  38 per cent 
binder w a s  prepared in  a Brabender Plastograph. 

The consistency of each mix was measured i n  the Plastograph as the mFx 
was being prepared. 

Each batch of green mix w a s  then baked i n  accordance with a standard 
Laboratory procedure t o  y ie ld  small t e s t  electrodes. 

The electrodes were tested for crushing strength and volume electrical .  
r e s i  s t i v i t y  . 

2. 

3. 

4. 

The Brabender Plastograph, used to  prepare the green mixes and measure the i r  
consistencies, i s  shown i n  Figure 2. The instrument was purchased from C. W. Brabender 
Instruments Inc., South Hackensack, New Jersey. The sigma blades in the  mixing head 
(1) a r e  driven by a dynamometer (2) ,  which is suspended between Ploating bearings (3). 
The torque produced by the blades as they turn in  the material  at a constant r a t e  of 
shear i s  transmitted t o  t h e  dynamometer. 
through a ser ies  of balance levers  (4) t o  a direct-reading balance (5), which i s  
cal ibrated t o  indicate t h e  torque in meter-gram units. 
a continuous record of the consistency i n  terms of meter-gram units. 
movement of the lever system is dampened by an o i l  dash pot (7). 

The dynamometer t rans la tes  the  torque 

A s t r i p  char t  (6) provides 
Excessive 

The mixing head has a working capacity of 650 m i l l i l i t e r s .  It is  heated 

A special  insulated l i d  ( g ) ,  not supplied by the manu- 
by recirculat ing hot o i l  f r o m  a constant-temperature bath (8) through a jacket that 
surrounds the mixing head. 
facturer  of the instrument, minimizes the  l o s s  of heat from the head and was indis- 
pensable as an atd i n  maintaining the mix at a uniform temperature. 
opening i n  the l id ,  5/8 inch in diameter, coke additions can be made without removing 
the l i d .  

Through a small 

A s  mentioned above, green mixes containing f r o m  31 per cent t o  38 per cent 
The composition of a typical binder were prepared and t h e i r  consistencies measured. 

batch of green mix is shown i n  Table 111. 
coke fract ions were blended, as described below, with 238.0 grams (34 weight per cent) 
of Binder A t o  yield 700 grams of mix. 
components was held constant a t  700 gams. 

In  this batch, 462 grams of the  various 

In a l l  the mixes, the t o t a l  amount of the two 

In the preparation of a typical  mix, the  calculated amount of molten binder, 
After the a t  a temperature of about 155 C ,  i s  added to  the preheated mixing head. 

binder has mixed for exactly 7 minutes, the preheated ( t o  155 C )  10- to  30-mesh coke 
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f ract ion IS added through the  opening i n  the insulated lid. 
are then added in the order of decreasing s ize  a t  5-minute in te rva ls .  
of these fract ions is  i l l u s t r a t e d  i n  Figure 3 .  
30 minutes a f t e r  the addition of the  last (minus 325-mesh) coke fract ion.  

of the  mix. 

The remaining fractions 
The addition 

Mixing is continued a t  155 C for 
The torque 

r-grams, a t  the end o f  this mixing period is recorded as the consistency 

The change i n  consistency that occurs as  the various coke fract ions &re 
added t o  the binder i s  illustrated by the typ ica l  consistency curves that are reproduced 
i n  Figure 4. 
i n  consistency that occurs as the six coke fract ions axe sddid t o  the kinder at 5 -  
minute intervals.  The posi t ion of the l e f t e x t r e m i t y  of the curve defines t h e  
consistency of the mix. 
sistency brougbiabout by the addition of the various coke f rac t ions  is  clear ly  
indicated. 
repeatabi l i ty  of the  instrument over the  e n t i r e  consistency range. 

Reading from r i g h t  t o  l e f t ,  the  s teps  i n  the curve represent the  increase 

The s e n s i t i v i t y  o f  the instrument t o  the change i n  con- 

The second curve i n  this figure was included to  demonstrate the excellent 

Qter measuring the consistency,.the green mixes were packed in to  perforated 
The baked graphite molds, Figure 5, and baked t o  a temperature of 1000 C in 24 hours. 

electrodes were then tes ted  f o r  crushing strength and e l e c t r i c a l  r e s i s t i v i t y .  
p r o c e t y  for preparing, baking, and t es t ing  specimen electrodes was described i n  a 
paper 

The 

presented a t  the Spring 1959 meeting of this Division. 

Results and Discussion 

To make c lear  the relationshij? between the consistency of the  various green 
mixes and.the properties of the test electrodes, the experimental data were plot ted 
i n  bar-chart form. 
both binders i s  i l l u s t r a t e d  i n  Figure-6. 
the  mix a t  various leve ls  of binder concentration, and the white bars show the crushing 
strength of specimen elec rodes prepared from green mixes containing various percentages 
of binder. 
the mix. From,this char t  it is evident that an excellent correlat ion ex is t s  between 
t h e  consistency of the  green mix and the crushing strength of the t e s t  electrodes. It 
i s  extremely interest ing t o  observe t h a t ,  as the percentage of binder increases within 
the limits shown, the consistency and crushing-strength values f o r  each binder pass  
through a maxhmm simultaneously. 
of a green d x  can be measured t o  determine the o p t b u n  percentage of binder t o  use 
i n  the preparation o f  an electrode with maximum crushing strength.  For Sinder A ,  for  
example, a maximum consistency value w a s  obtained a t  a bincIer concentration of  34 per 
cent. 
t h e  optimum percentage of binder i s  34 per cent.  

The relat ionship between the  consistency and crushing strength f o r  
The black bars represent the  consistency of 

The number a t  the  top of each bar represents the percentage of binder i n  

This relationship suggests that the consistency 

This m i x  i n  turn produced an electrode with the highest s t r rns th .  Thsrefsre, 

This chart  also shows that Binder By which had been processed have a 
higher' viscosity than A, yielded mixes with consistencies s ign i f icant ly  !xLgher than 
those of Binder A. 
strengths somewhat higher than those of Binder A. 
that the  percentage of binder required to  obtain electrodes Kith maximum strength was 
about the same for each binder. The fac t  that a stronger electrode can be obtained 
with the specially t reated binder (Binder B)  seems t o  indicate  that the special  
treatment w a s  indeed very beneficial .  

In a l ike  manner, Binder B produced electrodes with crushing 
It is  a l so  in te res t ing  to  note 

Figure 7 shows the relationship between the  consisteacy of the  mix and the 
e l e c t r i c a l  r e s i s t i v l t y  of the electrodes.  
e x i s t s  between these parameters. 
through a maximum the  r e s i s t i v i t y  values pass through a minimum. 

It is evident that a good correlatLon also 
For each binder, as the  consistency values ?ass 

This relationship 
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suggests that t h e  consistency of the mix can also be employed t o  determine the  
o p t h u n  percentage of binder t o  use in preparing an electrode with minimum 
e l e c t r i c a l  r e s i s t i v i t y .  
lower than those of Binder A .  
treatment w a s  demonstrated. 

Binder B produced electrodes with resistivities somewhat 
Once again, the beneficial  e f fec t  of the  special  

summary 
The Applied Research Laboratory has studied t h e  relationship between the 

consistency of the green electrode mix and selected properties o f  test electrodes. 
The r e s u l t s  of this preliminary investigation suggest that (1) the consistency of 
the  green mix can be used t o  determine the optimum concentration of binder required 
t o  produce electrodes o f  the highest  quality, (2)  the Brabender Plastogaph, with 
slight but important modifications, is a sui table  instrument f o r  measuring the 
consistency of green mixes, and (3) for  the same concentration of binder i n  the 
green mix, an appropriately t rea ted  binder w i l l  yei ld  be t te r  electrodes than an 
untreated binder. 
extend these findings. 
study w i l l  be presented at a future meeting of this Division. 

This invest igat ion i s  being continued to fur ther  ver i fy  and 
It i s  anticipated that the r e s u l t s  of this more extensive 
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Table I 

PROPE3TTIES OF BIRDERS 

BINDER A 

S0m:rIYG POINT, CUSE-EU'-AIR, C 102.3 

FEW m m s  (BI-QI), vt $ 11.9 

SPECIFIC GRAVITY (60 F / ~ O  F) 

VISCOSITY, CENTIPOISES 

1.32 

at  140 c 4600 

a t  150 C 

a t  160 c 
IRON, wt $ 

ATOiQC CAR3GN/HXDRaEt RATIO 

BEN2;ENE IXSOLUBUS, wt '$ 

qJIt?OLINE nsoLUBLEs, w t  $ 

COKE VALUE, CONRADSON, wt $ 

DISTWIOm, Xt $ 

t o  270 C 

270 to 300 c 
300 t o  $0 c 
360 to 400 c 

-, $ 

16 30 

810 

0.020 

1.78 

21.9 

10.0 

55 *2 

0.0 

0.2 

1.7 

10.1 

0.62 

1.32 

76 10 

3200 

1340 

0.018 

1.77 

28.6 

9.4 

55.4 

0.0 

0.2 

2.6 

10.1 
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Table I1 

PROPERTIES OF CALCINED PETROLEUM COKE 

APPARENT DENSITY, GM/CM’ 

C A R B O N ,  ~ 1 %  

H Y D R O G E N .  w t %  

ASH.  WI Z 

SULFUR ,w l% 

SIEVE ANALYSIS ,  wt % 

-10 + 3 0  M E S H  

- 3 0  + 5 0  M E S H  

- S O  + I O 0  M E S H  

-100 + 2 0 0  MESH 

- 2 0 0  + 3 2 5  MESH 

- 3 2 5  O N  P A N  

0 . 8 9 8  

97.61 

0 . 2 4  

0 . 3 5  

1 . 2 7  

2 0  

16 

19 

I3 

10 

2 2  

Table I11 

COMPOSITION OF A TYPICAL BATCH OF GREEN MIX 

WEIGHT IN GRAMS WEIGHT PER CENT OF MIX 

BINDER A 

COKE FRACTIONS 

-10 +30 MESH 

- 3 0  t 5 0  MESH 

- 5 0  t100 MESH 

-100 +200 MESH 

- 2 0 0  t 3 2 5  MESH 

-325  ON PAN 

238.0 34.0 

92.4 

73.9 

87.8 

60.1 

46.2 

101.6 

13.2 

10.6 

12.5 

8.6 

6.6 

14.5 

TOTAL 700 .0  100.0 

Note: Coke fractions are added to the binder 

in the order of decreasing porticle size. 

/ 

I 

,/ 
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APPARATUS FOR VISCOSITY DETERMINATIONS 

A LJ-, 
VISCOMETER 

AIR  HEATER N I C H R O M E  R I B B O N  

t -THERMOCOUPLE 

PITCH LEVEL 

SPINDLE 

H E A T I N G  M A N T L E  

600 M L  STAINLESS STEEL BEAKER 

Figure 1. APPARATUS FOR VISCOSITT ~ ! E R M I W T I ~  

Figure 2. BRARENDER PLASTCGRAPH 



Figure 3. ADDING PETROIEU'M CoI lE  FRACTIOl'iS 

Figure 4. TJ~PICAL COTISISTEXCY CURVES 
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Figure 5 .  PAC"IG THE GFEZX MIX 

RELATIONSHIP BETWEEN CONSISTENCY AND CRUSHING STRENGTH 
C R U S H I N G  STRENGTH, K G / C M  a C O N S I S T E N C Y  AT l S S C ,  METER G R A M S  

I 1 1 
3 4  

35  
3 4 n  

5 0 0  6ol 
4 0 0  

300  

2 0 0  

BINDER A B I N D E R  B 
PLUS S T A N D A R D  FILLER PLUS S T A N D A R D  FILLER 

, 
I 
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RELATIONSHIP BETWEEN CONSISTENCY A N D  RESISTIVITY 
V O L U M E  RESI5TIVITY,  OHM CMxlO-' C O N S I S T E N C Y  AT 155C,  METER G R A M S  

37 

B I N D E R  A 

500  

400 

300 

200  

BINDER B 

PLUS S T A N D A R D  FILLER PLUS S T A N D A R D  FILLER 

. .  

I 
/ 


